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CHAPTER I 
INTRODUCTION 
The teaching of science in the secondary schools of 
Oosta Rica is inextricably linked with the broader p·roblem 
which concerns the actual status of secondary education in 
that country, as well as with the question involving the 
general purpose of secondary education in all of Latin 
America. 
The crucial issue seems to be the gap that exists be-
tween,· on the one hand, the needs of the nation as a whole, 
the interests and abilities of the student population, the 
value and purpose of scientific training, and on the other 
hand, the academic tradition conditioned by historical 
factors, the public's inertia, and the lack of resources 
with which to implement a sound program. 
A modern democratic state assumes the obligation of 
providing free and compulsory education for its youth, 
regardless of social and economic status. Costa Rica is 
now faced with the necessity of identifying itself in 
practice with this educational philosophy. Such reorienta-
tion involves not only a reorganization of the curriculum; 
it calls for the construction of new buildings in order to 
relieve the present congestion; it also requires the re-
structuring of the secondary school system, the 
..;..1- Boston University 
School of Education 
Library 
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introduction of varied programs, and finally, the re-edu-
cation of its secondary school faculty and the community at 
large. 
The writer spent eight months in Costa Rica, studying 
the school system of that country. In her contact with 
various school officials, science teachers, and members of 
the UNESCO educational mission, she was impressed with the 
vitality and enthusiasm displayed by a significant number of 
educators who are making efforts to reconstruct the second-
ary school curriculum in general, and to adjust the science 
offerings to the needs of the country ih particular, as well 
as to the diverse interests of young adolescents. The 
teachers of Costa Rica constitute, on the average, a young 
group·. This is in itself a decided asset, for here one 
finds the zeal and devotion so necessary to overcome the 
powerful forces of traditionalism and inertia. 
Many Costa Rican educators, then, are well aware of the 
pressing need for change. Several technical missions,11 
notably those under UNESCO auspices, have already made 
valuable suggestions. However, the question as to who will 
take the initiative and how to do so seems, .for the moment, 
to be paralyzing in its effects. 
This paper-will describe the status of the seienee 
i/Sonja Karsen, Educational Development in Costa Rica with 
UNESCO's Technical Assistance, Ministerio de Educaci6n 
Pt!blica, San Josf!, 1954. .. · · 
3 
program as it has existed for years.. It will then present 
and evaluate some of the reforms already outlined, and 
examine the proposals made, with specific reference to the 
teaching of the various sciences at the secondary school 
level .. 
For a quarter of a century now, the academic atmosphere 
of Costa Rica has been filled with urgent clamor.. The cry 
for educational reform fills the air.. Commissions have 
been organized; technical consultants have come and gone, 
and have issued impressive reports; recommendations have 
been set down on paper, only to remain there.~ 
Yet all this activity was bound to have some reper-
cussions.. Teachers, students, the press, the general 
public - all have been discussing the need for examining 
the structure and function of the educational system of a 
country that is continually making efforts to further demo-
cratize itself.. The need for a change in educational 
philosophy and organization is thus a national need. 
Any social institution finds itself in a critical situ-
ation when its structure and its objectives no longer mesh 
with the needs of society within which this institution 
operates, or when it chooses to ignore the presence of 
these needs .. 
The social class structure determined for centuries 
l/Marvin S .. Pittman, Algunos Problemas Educativos de Costa 
Rica, Ministerio de Educaoid"n Pllblica, San Jose, 1954 .. 
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the organizational development of seeondary education, first 
in Europe, then in America~ Two types of secondary schools 
were visualized and perfected: the humanist lycee for one 
socio-economic group; the technical school for another. 
The first, for the economically favored class, for the class 
which controlled political power; the second, f'or those who 
had to master a craft, or gain proficiency in a trade, in 
order to earn their daily breado In this sense, 11 eraft 11 or 
11 trade 11 was synonymous with servitude; 11 humanities, 11 11 pure 11 
science and philosophy were conceived of as symbols of class 
superiorityo One still speaks of the 11 liberal 11 professions, 
in contrast to vocational trades and occupations, which are 
labels applied to a lower social categoryo A society 
permeated with a genuine democratic philosophy can no 
longer talk in terms of 11 liberal 11 culture, as opposed to 
vocational training, as though the two terms were mutually 
exolusiveo Humanism should no longer be restricted to a 
given class .. 
The dual nature of the educational structure, inherited 
f'rom Europe by Costa Rica as well as by the rest of' Latin 
America, Yielded a number of additional factors which have 
served further to aggravate the situationo 
school has been viewed in one light only: 
The secondary 
that of serving 
exclusively as preparation for university studies. An ac-
companying characteristic insofar as methods of' teaching 
and learning are concerned is the excessive emphasis on the 
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memorization and storing of faats in eneyelopedic fashion 
for the purpose of passing an examination, to the detriment 
of the cultivation of desirable attitudes and the formation 
of discriminating minds. A rigid uniformity of curricular 
materials has prevented enterprising spirits from experi-
menting with more modern techniques for the purpose of 
developing healthy adolescent personalities. 
Nor is this the whole storyo In countries which are 
economically dependent upo~ foreign investments, or which 
center their economy upon one or two principal crops, or 
whose natural resources have yet to be developed to the 
full, education faces formidable tasks because it must ex-
ploit to the maximum degree the limited possibilities which 
exist. This factor, coupled with the fact that secondary 
education is the door through which countless numbers of 
adolescents must pass in order to be prepared to take their 
place in society, makes it painfully clear that there is an 
alarming gap between what the secondary school of Latin 
America in general, and of Costa Rica in particular, has 
been (and in many cases still is) and what it ought to be 
in order to measure up to its re~onsibilities. 
In view of this, too, it is evident that there is 
great need to revise the approach to the teaehing and study 
of science whieh has so much to offer in the way of satis-
fying the needs posed by the above-mentioned conditionso 
Science teaching cannot continue to operate as has been the 
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case in the past; it must consider present-day realities 
and be modified accordingly. This is a challenge to which 
teachers must direct their attention if Costa Rica is to 
solve the dilemma created by both the frustrated develop-
ment of adolescent aspirations and the inadequate fulfill-
ment of the country's economic potentialities. 
In short, when educational structure tends to remain 
rigid and the social and economic pattern within whic~ it 
operates is dynamic and fluid, a seriou~ maladjustment is 
the result. When social institutions do not respond ade-
quately to the demands of society, they must either be re-
formed, or failing this, scrapped and new ones erected to 
take their place in order that the perilous lack of equi-
librium between national attitudes and national needs be 
reetifiedo specifically, with respect to science teaching, 
there has, generally speaking, been a aomplete laek of 
articulation and connectedness between the subject matter 
taught, the way it has been taught, and what may be re-
ferred to as the national reality. The latter may be viewed 
as consisting of: 
l. Students' abilities, interests and purposes. 
2. The community's needs and goalso 
This is the problem faced by Costa Rica; this is the 
problem which will be studied in detail in this paper. 
CHAPTER II 
THE PRESENT EDUCATIONAL PICTURE 
The most striking fact which can perhaps be said to be 
the immediate cause of the present educational crisis'is 
the startling increase in population, with its accompanying 
reflection on school enrollments.. In the past quarter of a 
century the population has more than doubled. In 1927, 
there were 471,000 inha~itants in Oosta Rica; in 1956, the 
population passed the one million mark .. 11 Together with 
the increase in the general population, other significant 
sociological changes have taken place in the past few 
decades.. Among these, the following may be. listed:g( 
14 The growth of urban centers .. 
2.. A consequent reduction in the size of the rural 
element .. 
3 .. An increase in the size and influence of the middle 
class .. 
4 .. Increased industrialization .. 
~1/~R~o~d~r~i-g-o~F~a-c~i-o, "La Enseffanza Media y el Pasade, el Presente 
y el Futuro de la Econ.,om!f7 Oostarricense, 11 Educaci6n, 
Ministerio de Educacion Publica, San Jose, Costa Rica, 
Noviembre 1957, p. 24.. All translations !rom the_ spanish 
have been made by the author. 
g/For a,ful;er discussion o~ these, see: Ministerio de 
Educacion Publica, In!orme sobre el Estado de los Traba os 
de Reforma de la Segunda Ense anza Oostarricense, San Jose(, 
Oosta Rica, 1958; pp .. 29-30. 
-7-
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5. Increased utilization of diverse types of machinery. 
6. Exploitation and gradual destruction of natural 
resources .. 
7 .. A rise in the standard of living. 
s .. A greater measure of participation by the government 
in the economic affairs of the nation. 
9e Increased and improved means of transportation and 
communication .. 
10. "Culture conflict 11 between the relatively statie 
way of life, characteristic of the rural areas, and 
the more dynamic patterns of urban society. 
11. Greater social mobility, both horizontally (geo-
graphically) and vertioally (socio-economically). 
12. A greater impact of international events on the 
national economy. 
13. Establishment and development of the national uni-
versity. 
l4o Increase in the influence of so-called informal 
agenates of education (e.g., movies, press, radio, 
etc.·) .. 
15. The continued presence of a strong regionalism, 
i.e., the lack of national integration. 
In one respect, the educational picture in present-day 
Costa Rica, with particular reference to the secondary 
school, is strongly reminiscent of our own experience in the 
Uni t_ed States some three or four decades ago. Concurrent 
with the ~ncrease in population and the rise in the standard 
of living, the Costa Rican government introduced social 
legislation of all sorts. The constitution that was adopted, 
:following the Revolution of 1949, declared secondary edu-
cation to be tuition-free. Large numbers of adolescents are 
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now entering the secondary school, adolescents who are 
drawn from hitherto untapped segments of the populationq 
The secondary school, as pointed out above, is modeled on 
the F~ench lycee, and will have to introduce a differenti-
ated program of course offerings to meet the different needs 
and interests of the student body~ This represents a radi-
cal transformation; especially in view of the fact that the 
first secondary schools, or liceos, of Costa Rica, origi-
nally performed many functions of our present-day average 
liberal arts colleges in the United Statesqll 
The policy of free, secondary education, as proclaimed 
in the Constitution of 1949, was not permitted to go un-
challenged. The Ministry of Education was bombarded by 
numerous complaints from individuals who represented a 
certain class ideology, complaints which can be summarized 
in the· following premises: 
l~ The lower classes ought not to be allowed to attend 
the secondary schools, because they have to worko 
2. If girls of less favored economic status were per-
mitted to enter the oolegio (secondary school), a 
scarcity of domestic servants would result. 
3. Secondary education should not be tuition-free. 
Everyone should be required to pay, for this is what 
the 11 b~'t;ter 11 class people have been doing for 
years.Y · 
One must bear in mind that the gratuitousness of 
1/ Isaac F. Azofeifa, 11 Problematica de la Segunda Ensenanza, 11 
Revista de la Universidad de Costa Rica,_ Sa~ Jose, Junio de 
1954, Po l39o 
gj Isaac F. Azofeifa, op. cit., p. 143. 
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secondary education refers only to the payment of tuition. 
In reality, secondary education continues to be e~ensive 
for low income groupso The secondary school student, by 
virtue of his school attendance, is rendered incapable of 
contributing to the family income~ In addition, there are 
always expenses in connection with school attendance: text-
books, better clothes, lunches, and miscellaneous personal 
items. 
Nevertheless, in spite of these apparent drawbacks, the 
school population has grown tremendously in the past several 
decades.. This is an indication of the improved standard of 
living, which permits many workers (both urban and rural) to 
send their children to school, and serves in this way as an 
index of the country's economic development.. Costa Rica 'is 
becoming predominantly a middle-class nation, and is in this 
way avoiding the economic extremes which have characterized 
a number of other Latin American countries.. Needl~ss to say, 
in this connection, a country that ean boast only of the 
very rich and the very poor has very little chance of de-
veloping a democratic way of life .. 
There still exists, then, considerable opposition to 
the general desire for reform.. Some teachers continue to 
believe that the secondary school should continue to cater 
to a small, select group of the population.. These teachers 
constitute a significant element to be reckoned with, a 
social force which shuts its eyes to the increased student 
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enrollments, to the increased diversity of needs, interests 
and aptitudes which such enrollments represento This group 
of teachers speaks in terms of the 11 disinterestedness 11 of 
11 pure 11 knowledge, ioe .. , knowledge which remains unchange-
able, regardless of the necessities produced by a rapidly 
changing environment. Small wonder, then, that where these 
arguments prevail, the secondary school fails to hold many 
of its entering students, and the student mortality rate is 
so alarmingly higho 
In short, the problem confronting educational author-
ities is: How to organize the school and how to adjust the 
curriculum and methods of teaching to the requirements 
posed by the sociological changes which Costa Rica has 
experienced?· 
The secondary school, traditionally conceived, does not 
view the student as a growing and developing personalityo 
Instead, it considers him as an exclusively rational beingo 
This, in far too many cases, means a creature whose mental 
faculties have to be strengthened by means of exercising the 
memory in the best tradition of the doctrine of formal 
discipline.. Yet it is the very adherents of this doctrine 
who complain bitterly about the lack of responsibility, 
characteristic of the disorganized and erratie adoleso.ents 
who matriculate in the university, i..e .. , those who manage to 
11 survive 11 five years of preparation for the baohillerato, or 
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secondary school degreeo The question may well be asked at 
this point; What does the liceo or secondary school do to 
study the non-rational elements of adolescent behavior? 
Perhaps, if more attention were devoted to this phase of 
the student's development, more light would be shed on the 
eauses of "irresponsible" conduct .. 
It is imperative, then, that this void be filled, 
especially in view of the fact that it is at the secondary 
school level that all the forces and tendencies whioh make 
for or hinder individual and social organization exert their 
greatest impact. This is the moment, the adolescent period, 
in which the lioeo receives its youngsters. This is the 
stage at which it is vitally important for this future 
citizen to organize his patterns of behavior into a har-
monious, meaningful whole. Whether this can be done for 
thousands of students within a framework which seems hope-
lessly outmoded is the question which confronts Costa Rica's 
eduoatorso It has been said that it is a country's secondary 
school system which is the touchstone of that country's 
social philosophy. This is the challenge which must be met 
successfully and soon. This is the incongruity which must 
be solved if Costa Rica's problem is to be alleviated in any 
significant degreeo 
Costa Rica is one of the most democratic countries 
11 south of the border .. " It has been said that the eountry 
has more sehoolteachers than soldiers. What is less well 
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known is that, in the words of one of Oosta Ricats foremost 
educators of the present oentury, Omar Dengo, 11 it also has 
more illiterates than bullets~" 
Perhaps Omar Dengo was a bit impatient when he made 
that statement. Certainly, illiteraoy is not peculiar to 
Oosta Rica. The country is far from being the worst of-
fender in this respect. A regional commission reported in 
1948 that the illiterate segment of the Latin American popu-
lation is spread out over approximately four-fifths of the 
continent.11 The reasons are not difficult to point to: 
malnutrition, dispersion of the population in many seetions; 
poor means of transportation and communication; remnants of 
feudalistic practices and organization, e.g., political 
bossism; primitive methods of agriculture; the presence of 
numerous Indian dialects, etc. Fourteen million children 
of school age do not attend school because economic circum-
stances prevent them from so do1ng.g; 
What is the desirable amount of schooling, theoreti-
cally, which the Costa Rican pupil receives? The average 
child enters the first grade, primary school, at the age of 
seven. (He may be enrolled in the kindergarten one year 
1/Seminario Regional de E ucaoion en la America Latina, 
Alfabetizaoi6n Educaci n de Adultos, Union Panam.ericana, 
Washington, D.o., 1949, • 4. 
gjNathan L. Whetten, "Sociological Barriers to Edueation in 
Latin America," Responsible Freedom in the Americas, ed~ 
Angel del Rio, New York, Doubleday and 9o., Ine., 19554 
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earlier.) He attends for a period of six years and, if all 
goes well, enters the secondary school (lioeo or eolegio) 
at the age of 13. The secondary school course of study re-
quires five years for completion, so that at the age of 18, 
the student receives his bachillerato, or secondary school 
certificate, which entitles him to matriculate in the uni-
versity. 
Although this paper intends to deal principally with 
seienee education on the secondary school level, it would 
not be entirely amiss to cite the following statistics in-
volving primary school enrollments, in order to help round 
out the pieture as a whole, and provide the perspective 
necessary for a fuller appreciation of the problem. 
The following table illustrated the primary school en-
rollments for the year 1957:11 
Table 1. Costa Rican Primary Sehool Enrollments by Grade 
for Public and Private Schools (1957) 
Publie(Gov•t .. ) Private 
School Sehool Total 
Grade Enrollment Enrollment ·Enrollment 
(1) (2) (3) (4) 
I .... 51,62'7 2,622 54,249 
II •••• 38,077 1,675 39,752 
III .••• 27,459 1,333 28,792 
rv ..... 19,335 1,001 20,336 
V.o. •• O- 13,5'76 769 14,345 
VI ..... 10,152 688 10,840 
It is o~ interest to note that there are f-ive times as 
l/Ministerio de Educaoioh Publica, Informe sobre el 
Estado •.•• op .. cit., p. 16 .. 
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many pupils in the first grade as compared with the number 
of pupils in the last grade.. In addition, it should be 
pointed out that the number of prim~ry schools increased 
more than 400% in little more than half a century, or, from 
325 in 1899 to 1,381 in 1947. However, it should be noted 
that the elementary schools of Costa Rica fall into three 
categories: 
Class I 
Class II 
Class III 
those that give instruction in all six 
grade so 
those that generally offer instruction up 
to grades four and five only .. 
those that generally offer ip~truetion up 
to grades two or three only.1/ 
Schools in Classes II and III are usually found in 
rural areasp In 1957 there were: 
270 primary schools, Class I. 
131 primary schools, Class II. 
980 primary schools, Class III .. g/ 
In short, 70% of Costa Rica's elementary schools do not 
offer instruction beyond the second grade. This ~igure ac-
quires added significance in view of the fact that at least 
60% of all children, ages 7 to 14, attend rural schools, 
where Class II and Class III schools predominate.£/ 
1/Rafael Co;t~s Oh .. , La Desercio'n Eseolar, San Jose, Costa 
Rica, 1956, pp. 9-10. 
g/Ministerio de Educacion Publica, Estadisticas de Educacion 
1957, San Jose~ Abril 1958. 
~Rafael CorJ6s Oh., op. cit., p. llo 
----------------------~------~ -~ 
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With respect to secondary school enrollment, the in-
itial pupil registration reflects the phenomenal increase in 
student population. One has but to examine the rate of in-
crease in student population in the past 15 years to appreci-
ate the acceleration involved. For example, in'l890 there 
were 300 secondary school students in Costa Rica. In 1941, 
there were· approximately 3,500, an increase of 3,200 in 50 
yearse However, in 195?, there were approximately 20,000, 
an increase of 17,000 in 15 years!11 In 1941, there were 
only ten secondary schools in the whole countryo In 1957, 
there were 48. 
The following chart (Table 2) is of interest in that it 
reveals the number of students enrolled in each of the five 
years of secondary schooling for both private and public 
schools4 (There are 26 public schools and 22 private.) At-
tention is called to the difference in enrollment between 
the first and fifth yearse 
If one studies the two tables presented (Tables 1 and 
2) one is immediately struck with the high rate of student 
attrition, which begins in the first year of primary school 
and continues for eleven years until the final year of 
secondary edueationo The above tables indicate a different 
class, ioeo, a different group of students for each year. 
The picture is even more dramatic when one follows the ~ 
1/Ministerio de Edueaei6n Publica, Informe sobre el 
Estado ••• opo cit. 
J.? 
·cJ.ass for a period of eleven years (six eJ.ementary and five 
secondary) and observes the number of drop-outs year after 
year. For example, in 1944 there were approximately 30,000 
pupils in grade oneG In 1955 (the last year of secondary 
sehooling for this same class) the figure was about J.,4oo.11 
Of course, there is no assurance that these 1,400 students 
were all part of the original 30,000. There was certainly 
a good deal of fluctuation along the way. Many pupils 
dropped out; others were added. However, it is the tendency 
whiah is important, and its implications are clear. 
Table 2. 
Year (l) 
I . .... 
II.o- ..... 
III ..••. 
IV ••.•• 
v 0 0 0 II 0 
Total ...• 
Costa Rican Secondary School. Enrollments by Year 
for Public and Private Schools (J.95?)g/ 
Public(Gov 1t.) Private 
School. School Total 
Enrollment Enrollment Enrollment (2) (3) ( 4) 
5,0?0 1,692 6,?62 
3,?65 1,349 5,114 
2,424 985 3,409 
1,?56 ?14 2,4?0 
1,1?0 609 1,??9 
14,185 5,349 19,534 
The figures given above substantiate the oontention 
made earlier. A partial explanation for this alarmingly 
high rate of attrition at the secondary level lies in the 
1/Ministerio de Educacion Publica, Student Population 
Tendencies, 1944-1955. 
g/Ministerio de Educacion Publica, Informe sobre el Estado ••• 
opo cit .. , p. 21 .. 
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fact that the school, as constituted at present, is an 
institution wherein the student undergoes a five-year pro-
bation period in the hope of enjoying some future 11para-
dise,11 instead of a place where life oan be rich and mean-
ingful, where intelligent preparation for the future is en-
gaged in with profit and pleasure. T.here is no program, 
e.g., which makes provision for personal and vocational 
guidance of students •. It is conceivable that the lack of 
consideration of, and interest in the students' needs and 
aspirations constitutes a significant factor whioh contri-
butes to school drop-outs. As has been said, the secondary 
school is a place in which the chief interest of the 
teachers is centered, not in the student, but in the material 
to be transmitted. According to the findings of Dr. 
Pittman,11 the chief stumbling block seems to be centered in 
the first three years of secondary education. These must 
somehow be reorganized if Costa Rica is to attract more 
students to her secondary schools, and keep them from dropping 
out once they entero For example, in Table 2, above, almost 
two-thirds of the students drop out after the third year of 
secondary schooling. 
In addition, the following school procedures may be 
listed, as serving to augment the negative aspects already 
ref erred to-: 
lo An inflexible curriculum. All students have to 
1/Marvin So Pittman, op. cit., p. 27. 
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follow the same course of study (24 subjeets)1f without any 
consideration being given to difference in sex, e~erience, 
personal aptitudes or vocational interests. 
2~ A major emphasis on memorization. 
3. An excessive amount of note-taking, with little 
opportunity for the student to engage in other types of 
class. activities (e.g., discussion, reporting, experiment-
ation, etc.) All students have notebooks filled with diffi-
cult, :·abstract scientific terms which have little meaning 
for them. There has been no attempt to make comprehension 
p·oss-ible via experimentation in sehool laboratories, due to 
the simple fact that there are no laboratories. All students 
have to take ten scienees,&l each of which has its own 
vocabulary difficult to understand, even for students who 
are more mature and who evince a definite interest. 
One of the essential components in any teacher-learning 
situation is the well-qualified teacher. What is the pre-
sent status of the teaching profession in Costa Rica? The 
following table tells the story eloquently.£/ 
Out of a total of 1,079 secondary school teachers, it 
will be seen that only 161 (Group a - 15%) are qualified, 
ioe., graduates of the University. The largest group 
l/See Appendix I for complete list of subjectso 
g/See Appendix I. 
~Ministerio de Educacion Publica, Educacion, San Jose, 
Noviembre 195?, No. 5., p. 50. 
Table 3. Teacher Status1 Secondary School Level 
Category 
(Type 
of 
School 
Public (gov•t.) 
Schools 
Private --
743 100 
Schools 336 100 
Total 
Secondary 
School 
81 6.9 
80 23 .. 8 
Teachers 1079 100 161, ·14.9 
<troup B 
University 
status without 
Teacher 
certification 
No. 
397 53 .. 4 
130 38 .. 8 
527 48.9 
Group C 
11 Aspirantes 11 (No University 
Contact 
265 35.7 
114 33.9 
379 35.1 
12 3.5 
12 1.1 
f.\:) 
0 
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(Group B1 almost half the total), although enrolled at the 
University, still lacks adequate preparation either in areas 
of specialization or in specific education courses~ The 
teachers in Group C (Aspirantes, or those who are "aspiring'' 
to be teachers), representing 35% of the total, have had no 
university contact whatsoever. 
It it is true that the welfare of a nation depends upon 
the condition of its educational system, it is likewise 
certain that the educational system depends upon the prepa-
ration and professional competence of the teaching staff. 
Professional competence encompasses two distinct areas: 
(1) a thorough knowledge of the subject matter to be taught; 
and {2) a mastery of basic principles involved in the _psy-
chology of learning, as well as methodology of the subject 
to be taughto From this point of view, one would be safe 
in asserting that the critical need of the moment, as far 
as Costa Rica is concerned, is a corps of adequately pre-
pared teachers of seeo~dary school subjects in general, and 
of science in particular~ In connection with the latter 
field, a member of the UNESCO team of consultants informed 
the writer of this paper that several years ago the UNESCO 
provided laboratory equipment of all sorts, to be used for 
the purpose of conducting scientific experiments in olasse 
To date, this equipment is still being stored because nobody 
knows how to use it, nor is there very much evidence of a 
desire to know. Although this same UNESCO member appears 
22 
to be unduly harsh and pessimistic in her judgment, it would 
seem that the following item bears out her opinion~ 
A study undertaken by the Department of Supervision in 
March 1958 revealed that out of a total of 115 secondary 
school science teachers in the service: 
1. 42% have not yet completed their professional 
training in science teaching. 
2.. 29% are primary school teachers .. 
3 .. 25% are university graduates. 
4 .. 4% are only secondary school graduates .. ll 
Moreover, to compl.ioate matters, many teachers, although 
ill-prepared, are frequently called upon to teach several 
subjects.. Thus, it is conceivable that the Spanish teacher 
will take over the class in anatomy, physics and chemistry, 
a practice not confined exclusively to Costa Rica. On the 
other hand, the 11 biol.ogytt teaeher who should know something 
about zoology and botany, is often deficient in these areas .. 
In this connection, one of the more urgent problems of 
the moment involves the role of the University of Costa Rica 
in the training of science teachers.. In the past, the Uni-
versity as such, has felt itself quite divorced from the 
problem of teacher training in general.· At present, ac-
cording to the latest report by the Dean of the School of 
Arts and Sciences, the University will have to concern 
Jj'Ministerio de Educacion .Publica, In:f'orme sobre el Estado ••• 
op. cit., p .. 5?8. 
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itself much more actively with this problem.ll The reason 
offered is the lamentably poor showing made by freshmen 
students who have indicated their intention of majoring in 
the sciences. It is further alleged that this poor showing 
is due to faulty preparation on the secondary sehool level. 
This inadequacy is attributed to the poor quality of science 
teaching. 
For example, of the 134 freshmen (as of 1957) who intend 
to major in the area of biological sciences, only 20 passed 
all their subjects. Seventy-five failed in more than two 
subjects, or withdrew. Of the 96 freshmen who indicated 
their intention of majoring in the area of physical sciences, 
only four passed all subjects. Seventy-seven failed in more 
than two subjects, or withdrew. 
The above statistics afford startling testimony to the 
critical situation which cries out tor immediate and drastic 
remedial treatment. It is hoped that the new building which 
houses the Department of Chemistry1 and which was opened 
officially in 1958, will contribute considerably. The new 
School of Education, similarly, has made plans in collabo-
ration with the UNESCO Mission and the Ministry of Education 
to inaugurate a series of intensive training institutes and 
seminars for science teachers. As of the present moment, 
instruction in laboratory teehnique is offered to teachers 
1/Anales de la Universidad de Costa Rica,. San Jose, 195?, 
pp .. 315-317 .. 
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in the few small laboratories to be found in some of the 
secondary schools. Unfortunately, there aren't too many of 
these. The best, up-to-date laboratory (on the secondary 
school level) has been installed in the Lincoln School, 
which is a private institution, supported partially by funds 
allotted by the U.S. Department of State~ 
If it is agreed that the school should help in the 
improvement of living eondit1ons in the community, then it 
cannot be denied that one of the outstanding tasks of the 
science teacher is to train his students in the methodology 
peculiar to this discipline.. Understanding and applying 
these methods should result in the cultivation of the habit 
of reflective thinking and should, in consequence, go far 
in raising the cultural level, not only of the individual 
student, but of the community as a whole. 
It would seem almost trite to deal with the role which 
science performs, as well as with the increasing importance 
it has acquired in our everyday life. Because of this, 
various branches of seienee have been added continually to 
the secondary school curriculum of Costa Rica.. The result 
is an imposing list of ten different seieneesr taught 
separately: agriculture, anatomy, anthropology, biology, 
botany, chemistry, cosmography, geology, physics and zoologyo 
Eaeh one of these is important to some one at some time 
or other. The questions which must be answered in this 
connection are: (1) For whom are they important? (2) At 
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what stage in the secondary school experience should they 
be studied? (3) For how long a period should they be 
studied? 
Regardless of the answers to these questions, no one 
can deny that modern life is, in part, the result of scien-
tific progress achieved especially in the last fifty yearso 
One must continually bear in mind scientific potential in 
the control and transformation of one's environment with a 
view to improving man's lot on earthD This is a lesson, not 
to be lost upon a country which is trying to improve its 
agricultural and industrial techniques, eombat disease, 
control parasites, and generally, raise its standard of 
livingo This is a lesson, too, which pupils should be made 
aware of by that country's schools, a lesson which stresses 
the functional interrelationship between what scienee has to 
teaeh and the environment which the pupil has to know and 
control~ In order to learn how to operate within this en-
vironment, how to manipulate it and profit thereby, the 
pupil has to have eertain powers developed.within him: the 
powers to observe, measure, analyze, discriminate and evalu-
ateD This cannot be done by merely memorizing a constel-
lation of data. Such rote learning in itself is not con-
ducive to the establishment of a clear relationship between 
a knowledge of basic scientific principles and an intelligent 
awareness of the world in which we live. It should be ap-
parent, then, that a student who has studied science in the 
26 
secondary school should be in a position to conduct himself 
in a manner different from the behavior pattern evinced by 
one who has not reeeived the benefits of sueh study. What 
is of even greater importance is that which differentiates 
these two students, and the way in which they are differento 
What differentiates them is not the amount of scientific 
knowledge one can disp'lay in polite after-dinner conver-to, 
sation, but rather the practice of hygienic principles, the 
solution of vital problems, the general attitude evinced to-
ward one's universe. For it is the science teacher who must 
conseiously and purposively teach students how to live in an 
increasingly complex environment.. The implication of this 
approach is clear: a greater emphasis than has hitherto 
been the case, on the acquisition of proper ideals, whole-
some attitudes and healthy habits of work which will enable 
students to solve their present problems effectively, and . 
face future difficulties intelligently .. 
This means also a reorientation program for the science 
teachers themselves, in accordance with the change in edu-
cational philosophy. The science teacher is no longer to 
content himself with a mere reading of his notes in class, 
notes which are to be copied laboriously by the students in 
their notebooks, and repeated mechanically on some future 
occasion.. In too many cases, frustration results because 
the notes are too voluminous and detailed, and the time in 
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which to teach and learn them all too brief. T.nis unhappy 
situation can be avoided if the teachers themselves are 
clear as to the objectives of science teaching. What is 
even more important is that they accept these objectives 
and incorporate them into their own philosophy. Let them 
but ask themselves: Is Costa Rican reality served to the 
optimum degree, are Costa Rican citizens formed in the best 
way, if st~dents are judged and their work evaluated ac-
cording to one sole criterion, namely, their ability to cast 
up on paper what they have struggled to absorb and assimilate, 
perhaps far from satisfactorily? 
What is preferred instead is the scientific approach, 
an approach characterized by its integrity and its honesty. 
Deceit, fraud and fear are rejected~ He who is engaged in 
scientific investigation works scrupulously, with tolerance 
and perseverance. He knows that old theories and hypotheses 
are discarded the moment new and better theories appear. He 
knows that science is international; no one country exer-
cises a monopoly on scientific truth. 
It is the hope of the science teacher that this complex 
of attitudes, tried and tested in the laboratory, be trans-
ferred and applied to the solution, insofar as is possible, 
of personal and social problems. What is hinted at here, 
then, is the functional nature of the teaching and study of 
science. 
It should be pointed out that Costa Rica spends 
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generous amounts annually for the education of its youtho 
However, in spite of financial investments, in spite of an 
impressive budget made possible by the central government 
for educational purposes, the sehool system cannot be said 
to be functioning at peak efficiency, precisely beeause of 
the ·lack of realistic orientation, herein indicatedo As a 
result, the human resources of the country are not developed 
to optimum capacity; human beings cannot, therefore, live at 
the "height of the times," and eannot, consequently, contri-
bute as effectively as they ought, to the well~being of the 
nation, a nation whose multiple activities are increasing in 
number and complexity. 
CHAPTER III · 
• 
PRESENT PICTURE OF THE SCIENCE PROGRAM 
Although sporadie efforts had been made in the first 
half of the 19th century to improve the educational system 
of Costa Rica, it was not until the last quarter of the 
eentu.ry that the most.important attempt to mo~erni~e ... the 
syste~ was undertaken~ / In the 80 1s, Mauro Fernandez, 
Minister of Education and Finance, successfully spearheaded 
the drive for compulsory education on the elementary level .. 
The law, put into effect in February, 1886, provided for 
free, compulsory and secular education, and laid the basis 
for the country's pres_ent elementary school system .. 
One year later, Mauro Fernandez shifted his attention 
to the secondary school.. For the first time a courageous 
voice spoke out in support of a universal seeondary edu-
cation, and suggested that it be composed of 11 eycles" or 
11 divisions, 1111 thus :t'oresbadowing the modern Junior High 
Sehool idea. 
The 19th century had witnessed the growth and develop-
ment o:t' the natural and physical sciences, together with 
th~ consequent clamor for their admission into the curricula 
l/Isaac F .. Azo1'eifa, 11 Teor1a y Practica en la Reforma 
Educativa de Don Mauro," Revista de la Universidad de Oosta 
Rica, San Jose, Noviembre de 1955, No .. 12, p. 131 .. 
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of both secondary and higher education. The Costa Rican 
counterparts of Huxley and Spencer (e.g., Jose Maria Castro, 
Jesus Jimenez and Julio Volio) had as far back as the mid-
19th century urged the incorporation of scientific and tech-
nieal studies in the predom~nantly classical course of study 
on the secondary school level .. / Mauro Fernandez, undoubtedly 
influenced by this climate of opinion, came out in favor of 
the teaching of sciences and technical subjects .. 
The turn.of the century and the decade which followed 
i 
i immediately-thereafter, witnessed a growing interest in the 
study of different methods of teaching. ·For example, in 
reading the phonetic approach replaced the alphabetical 
method; in geography the 11 concentrie11 method was introduced .. 
These reforms in methodology were applied to the natural 
sciences as well .. l/ Although this change in orientation was 
felt principally in the elementary schools, it can also be 
said to have penetrated into the first three years of 
secondary education .. / Thanks to the efforts of Brenes Mesen, 
Garcia Monge and Omar Dengo, three of Costa Rica's most 
distinguished educators, emphasis was placed on actual ex-
perience, on ''scientific experimentation, excursions ••• con-
tact with nature ••.• "Y 
On several occasions in the past, the government of 
!/Sonja Karsan, op .. cit .. , p .. 16~ 
g/Emma Gamboa, Elementary Education in Costa Rica within the 
Interaction of Culture, Ph .. D .. dissertation, the Ohio State 
University, 1951, (unpublished), pp .. 88-89. 
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Costa Rica had invited educational consultants to visit the 
country in order to study the secondary school system, and 
make suggestions for reforms as to curriculum, methodology 
and teacher-training.. One of these consultants, Dr. Marvin 
SQ Pittman, chief of the UNESCO Technical Assistance Mission, 
brought in a series of recommendations, based on field studies 
and investigations.. Although six years have elapsed since Dr. 
Pittman's report was issued, the bulk of his recommendations 
are still in the discussion stage. Another UNESCO mission 
continued the study and has recently issued similar pro-
posals .. !! 
Although not original, one of Dr .. Pittman's chief recom-
mendations centers around the necessity for dividing the 
five-year secondary school experience into two cycles. The 
first cycle embraces a school period particularly adapted to 
serve young adolescents from 13 to 15 years of age.. This is 
highly desirable in view of the fact that, as has already 
been pointed out, the majority of high school students drop 
out before reaching the fourth year of secondary education .. 
The first cycle may well be conceived of as a prelimi-
nary stage during which the student's aptitudes and interests 
are explored# At the same time.he is exposed to what we 
would today designate as 11 general education" or 11 core cur-
riculum." As for sciences, the students would be required 
1/Ministerio de Educaci6n Publica, Informe sobre el 
Estado ••• op. cit. 
to take only General Science courses. Organized sciences 
would be postponed until the second cycle, or Se~ior Di-
. . \. 
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vision, and taken only as electives, 11 in accordancW1 with the 
. 1/ interests and needs of the student. tt.::!:l 
The same consult~t distributed a questionnaire to the 
students and faculty of 14 secondary schools of Costa Rica 
for the purpose ot ascertaining their evaluation of the 
curriculumo The replies indicated that zoology, physics and 
botany were among the sciences considered least useful to 
the students. This would seem to indicate, among other 
things, that the organization and. methodology involved in 
the teaching of these courses were, at the time, far from 
attractive and effective. 
The second cycle, or Senior Division, recommended by 
Pittman, would consist of courses in the sciences, liberal 
arts and various trades. This division would also offer 
more specialized courses for both boys and girls. The system 
of elective subjects which c~racterizes the Senior Division, 
would otter a wide range that students could choose from; 
electives would serve to forestall school desertion in the 
Senior Division. In other words, the report by this parti-
cular UNESCO mission looked upon natural sciences as e-
lectives. The ten different sciences offered would be taken 
in the tourth and fifth years only. 
Table 4, which follows, represents a picture of the 
1/Pittman, op. cit., p. 35. 
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distribution of science courses, in effect at the present 
moment (1958).. It would be well to examine it in order to 
I 
appreciate the changes suggested in theUPittman report, as 
well as those contained in the latest Reform of Secondary 
Education .. !/ 
Table 4 .. 
1st Year 
{ 1) 
Zoology 
" II 
II 
Physics 
II 
Inorganic 
Distri'Qqtion of Science Courses by Year, Now in 
EffectY 
2nd Year 3rd Year 4th Year 5th Year 
(2) (32 ( 4) {5) 
Botany Anatomy Geology Biology 
and 
" 
Physiology 
" 
II 
" n II Mineralogy 
" II 
" 
II II 
Physics Physics Physics Physics 
" 
II It II 
Inorganic Inorganic Organic Organic 
= 
Chemistry 
11 
Chemistry 
II 
Chemistry ·Chemistry Chemistry 
. II II II 
Astronomy 
The above table is to be interpreted as follows: In the 
first year zoology isi 'ta-b.ght 4 times a week, physics twiee a 
week, inorganic chemistry twice a week, etc. 
The encyclopedic nature of the traditional curriculum, 
characterized by an ex~essive emphasis on fact and. d.etaiJ.:L~ 
with the consequent neglect of student interests and apti-
tudes, becomes evident when one examines the contents of the 
1/Ministerio de Ed.ucaci6n Pttblica, Informe sobre el 
Estado .... op. cit .. 
gjop .. cit .. , p .. 579 .. 
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course of study in chemistry, for exampleo One is tempted 
to come away with the impression that this is material {from 
the point of view of content as well as that of arrangement 
and functional value) which is better suited to the university 
level, and that this is a course for chemistry majors, rather 
than for all students in the secondary sahool who are partici-
pating in a program of general educationo The following is a 
free translation of the Minimum Program in Ohemistry.1/ The 
requirement calls for two class meetings per week. 
First Year 
Definition; history and importance of chemistry 
Matter (concept of); molecules, atoms 
States of matter: solids, liquids, gases 
Physical phenomena; chemical phenomena 
Law of conservation of energy 
Elements; classification 
Chemical compounds 
Symbols and formulas 
Valences and combinations 
Reactions and equations {elementary notions) 
Hydrogen: physical properties; chemical properties 
Uses; origin; how to obtain 
Acids, bases, salts; definition 
Proof by means of indicators; history 
Oxygen: physical properties; chemical properties 
Definition of oxides 
Combustion; origin; how obtained 
Importance of oxygen tor living; history 
Water: physical properties; ehemioal properties 
Analysis and synthesis · 
Origin; drinking water; distilled water 
/ / u~ l/Ministerio de Educacion Publica, Programas 1~nimos para 
1a Segunda Ensefianza, San Jose, 1951, p. 29. 
Second Year 
Elements; classification 
Chemical compounds; radicals 
Classification into acids, bases, salts and oxides 
Nomenclature 
Formulas: their construction together with their 
names 
Chemical reactions and equations; atomicity 
Atomic and molecular weights 
Law of constant proportions (Proust) 
Law of multiple proportions (Dalton) 
Non-metalso Halogen; fluorine; chlorine; bromine; 
iodine 
Hydrochloric ~eid 
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Mineral acids. Classification into oxacids and hydro-
acids 
Carbon: physical and chemical properties 
Uses; origin; how obtained 
Carbon monoxide; carbon dioxide 
Sulphur. Allotropy. SulphtR.ric acid 
Nitrogen. Ammonia# Nitric acid. Phosphorus 
Third Year 
Metals: generalities; atomic structure 
Radium: generalities 
Radioactivity; isotopes 
Periodic classification 
Ionization and electrolysis 
Weight calculations: gram 
Copper; copper sulfate; orystalized water 
Silver: nitrate of silver 
Gold; iron aluminum; oxide and calcium hydroxide 
Sodium and potassium; sodium chloride 
Zinc; mercury; tin and lead 
The work of the :fourth and fiftA years deals with or-
ganic chemistry. The material is similarly detailed and, 
of course, gets progressively more difficult. This involves 
such items as: the chemistry of carbon, petroleum, ethane, 
methane, chloroform, alcoholic fermentation, preparation of 
wines and liquors(!) The offerings in physics, geology, 
anatomy, physiology, biology, ete., are likewise presented 
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in detail in the course of study, formul~ted originally in 
1939, and revised periodically (1951, 1954) .. 1/ 
The fact that commissions have come and gone, and that 
plans for reform have been drawn up again and again, is 
testimony to the desire on the part of educational authori-
ties to improve standards and practices.. The gap between 
' 
theory and practice is illustrated by the f0rward looking 
report on the teaching of sciences, issued by the Ministry 
of Education in its Minimum Program for Secondary Schools, 
already referred to above.gj 
When one examines the recommendations contained in.this 
syllabus and compares them to some of the procedures which 
are still very much in evidence, one iS forced to conclude 
that here, indeed, is an exeellent example of "culture :Lag .. 11 
To illustrate: the objectives of science teaching, ac-
cording to the above mentioned course of study are:21 
11 To develop young men and women, better adjusted to 
life by: . 
1. Developing powers of investigation and observation 
in order to-stimulate intellectual independence .. 
2 .. Cultivating in the student effective work habits .. 
3 .. Awakening in the student an interest in the value 
of the natural resources of our country. 
4o Developing an attitude of active social compre-
hension and c0llaboration .. 11 
1/Ministerio de Edueaei6n Publica, Programas Minimoso •• 
op .. ei t .. , 1951 .. 
,g,/Op. eit., 
~Op. eit., p .. ll ff. 
To realize these objectives, it is recommended that 
the teaching staff 
"2 •••• channelize the collection of samples and 
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use the collaboration of the pupils for the 
purpose of building and improving the collections 
of the school. 
3 •••• encourage individual collections in the case 
of those students .who may so desire. 
4 ...... promote excursions, properly planned and co-
ordinated with other subjects, as a means of ob-
taining knowledge of nature." 
The syllabus also speaks of the necessity of having the 
teacher do everything possible to encourage personal experi-
mentation, on the part of the pupils, insofar as available 
materials make this possible. Teachers should not assign 
work to be done outside the class schedule. When this is to 
be done for the purpose of undertaking investigations, it 
should be 
"1. defined as coneerns that which is expected 
2. clear in its directions 
3. responsible in quantity or length, in consideration 
of the time which the student has to spend at home, 
and in relation to other assignments." 
It is also recommended that out of consideration for 
the mental and physical health of the student, no assignments 
or special tasks be assigned over the week-end, in order that 
the student may devote himself more effectively to his 
:family life. 
Reports on necessary themes or collateral readings 
should be properly directed by the teacher~ The latter will 
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designate the student who is to prepare them1 indicating 
the plan to be followed, and the amount of time to be spento 
One is left with the impression at this point that there is 
too much teacher-direction, that the student has not been 
given sufficient opportunity to exercise his own initiative. 
The student is, of course, to report in class, but will 
never read his report or memorize it; both teaeher and stu-
dents will be given the opportunity to question him at any 
time. The doctrine of individual differences is recognized, 
since special themes may be assigned to more advaneed stu-
dents~ However, it should be remembered that there are basic 
minimum essentials for each subject, and that special themes 
in each will be given only to those pupils who are qualified 
to handle them .. 
With reference to specific subject divisions, the sylla-
bus asserts that to teach zoology, is not the only, nor the 
chief objective; the primary aim is to "create in the stu-
dents the habit, the aptitude and the delight for the obser-
vation of nature - its causes and effects, its properties, 
its creatures, its phenomena."!! And making use of a rather 
picturesque analogy, the report adds: "The charaeters, the 
structures, the classifications, will be mastered in the 
same way that the traveler knows the roads - by passing 
through them, although it may be merely in transit, .on the 
way to more important and more meaningful destinations than 
i/Op .. cit., p .. 12 .. 
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the road itselt .. 11Y 
Among the general suggestions outlined for the course 
in natural sciences, the following are especially perti-
nent:Y 
11 1.. Special techniques should be initiated so that 
pupils pereeive the nature of studying; how one 
studies, and what are the methods and objectives 
of a given assignment .. 
2. The program has been so arranged as to take what is 
known as the basis, in order to investigate what is 
not known; .... theoretical concepts cannot be under-
stood and assimilated by beginners .. 
3 .. Avoid lessons about things which are not available, 
i .. e., avoid pseudo-objective teaching which is a 
grave error and tends to make a fraud of education .. 
4. In the study of anatomical structures, it is neces-
sary to replace symbols, which rarely reproduce the 
truth of what exists in an organism, with direct 
observation of as many different examples as may be 
necessary tor tne pupils to grasp a real picture of 
nature which, it is desired, they should know. 
5.. It is necessary to modify our system in such a way 
that it consist not only of unilateral descriptions 
and dry classifications, but that it make the pupil 
consider natural beings from all points of view, 
especiallY by having him know the intimate rela-
·tionship between their structure, function and en-
vironment .. 
6.. It is necessary to discontinue teaching in the 
first year materials which demand a knowledge of 
physics and ehemistry; these ••• belong to a more ad-
vanced grade. 
7. Until now, generally, and in spite of objections to 
the contrary, certain courses, especially natural 
sciences, have been taught in such a way as to be 
nothing more than miniature eopies of specialized 
university courses. The teaeher rarely stops to 
i/Op .. cit .. , p .. 12 .. 
&/Op. eit., pp. 13-15. 
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think whether that which he is about to teach is at 
the level and within the grasp of all of his stu-
dents .. 
8. We ought to teach the morphological description of 
an organism.. To this end, a specimen of any kind, a 
mammal for example, ought to be brought to class. 
The pupils, without referring in any way to the 
specific terminology of classification and internal 
structure which they cannot possibly know, will try 
to describe the characteristics which they may be 
able to recognize: shape, size and proportions of 
the body, appearance, color, external covering, de-
tails as to extremities, head, teeth, mouth, ears, 
tail, means of protection or defence, etc •••.• 
9. It is necessary to point out to the students the need 
to look for the existing adjustments between the 
morphology and the functions or adaptations. 
10. The teache.r ought to give a demonstration in dis-
section of an animal tany one of those which are 
known to the students) and to show microscopically 
and in a most elementary manner, the distribution of 
the principal organs; but never to go into details, 
for this would be beyond the level of student compre-
hension." 
T.he syllabus cited offers further suggestions to 
teachers in specific subject areas. For example, in zoology, 
it is necessary to 
" •.• lead the students gradually to discover that 
these plants or animals have certain common character-
istics which make it possible to consider each one'-o:f 
them as a collective example of a higher unity~ A-
bandon systematic, monotonous and theoretical de-
scriptions. The norm adopted for the pursuit of know-
ledge will be only that of citing each case_~herein 
the animal differs from the known pattern .. 111/ 
In botany, too, it is idle (according to the course of 
study) to try to explain to the pupils physical phenomena 
in relation to the circulation and absorption of sap, or the 
l70p. cit,., p. 16. · 
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chemical transformations related to photosynthetic assimi-
lation.. For one must never forget the kind of pupil one is 
dealing with.. Therefore, 
"instead of explaining photosynthesis, it is enough 
to perform experi~ents whieh show that the leaves turn 
green in tl:;l.e light, and that under the same circum-
stances, their texture takes on starch, recognizable 
via the microscope or via adequate reactions.. They 
i .. e., the pupils will in this way acquire the 
notion of the reality of facts, although for the moment 
they have no idea as to the mechanism involved .. 111/ 
It is assumed that the above quotation applies only to 
the most elementary level of science teaching, because in a 
memorandum sent by the Ministry of Education to the Inter-
national Bureau of Education, the following point is made: 
"Equal importance should be attached to theoretical 
teaching, observation and experiment.. Observation 
should be made in the form of experiments in class, 
individual or group laboratory work, observation of 
nature, collections made by groups of pupils, excur-
sions to the country, visits to factories, workshops, 
etc ........ Reference should be made to all possible appli-
cations to the pupils' everyday life ...... 
Official instructions recommend textbooks which may 
serve as the basis of the pupils' work, without neglect 
of other books which may be consulted for more advanced 
study. Where no suitable textbooks are available, 
roneographed summaries prepared by the teacher may be 
used.. The auxiliary aids used comprise apparatus, ob-jects, collections, pictures, lantern slides, museums, 
etc., according to need; there are no precise in~ 
structions in this connection. Films and filmstrips 
are loaned free of charge by the United States Em-
bassy .. 11,Y' 
i/Loo .. cit .. 
g/International Bureau of Education, Teaching of Natural 
Science in Secondary Schools, Pub. No. 139, UNESCO, Geneva, 
1952, p. 71. 
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The latest UNESCO Technical Mission.whieh began working 
in Costa Rica early in 1957, lost no time in surveying the 
field of science teaching on the secondary school level (as 
well as the rest of the school curriculum) and as a result 
initiated a series of teacher-training institutes, in co-
operation with the Ministry of Public Education. During 
these conferences, the need for raising the level of in~ 
struction was stressed continually~ Lectures and discussions 
dealt with objectives, methods of science teaching, the use 
of audio-visual aids, and techniques of evaluation.. One of 
the results to come out of these seminars is the preparation 
of instructional materials, in keeping with the newer, more 
progressive orientation, spee~~ically, in the form of work 
units., 
,. 
An outstanding feature of the teacher-training course 
which took place in February 1958, was the inauguration of 
a series of demonstration classes, participated in by 
secondary students from a nearby liceo at the close of eaeh 
session.. Classroom performance was discussed, criticized 
and. evaluated .. 
A 11 hard core 11 of some thirty-odd teachers has in the 
past year put into practice some of the lessons learned at 
the training institute., This group is the basic nucleus, 
the members of which cooperate to advance the science 
program in their respective schools. 
Members of the UNESCO mission have also visited various 
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secondary schools and observed science classes" In all eases, 
the proposed re-orientation was the subject of animated dis-
cussiono The ground is thus being prepared for favorable 
reception of the reform plan advocated by the mission .. 
A very important project was realized during the latter 
half of 1957.. This involved the proposed establishment of a 
central laboratory which would have ·the responsibility of 
promoting the following tasks: 
lo To serve as a training center in laboratory techniques 
for all science teaehersq 
2 .. To serve as a model for "minimum laboratories," to be 
set up in all secondary schools of the country. 
3. To serve as a laboratory for the students of Costa 
Rica's newest and most beautiful secondary school, the Licea 
de San Jose, 
4., To act as a clearing house for basic materials needed 
in the teaching of science. 
5. To establish a general library of biological and 
chemical sciences for the nation's teachers of science .. 
6 .. To correlate the teaching of science in Costa Rica 
with that of the other Central American countries .. 
A considerable sum of money has already been advanced by 
the government for the realization of this project.. In addi-
tion, a steering committee which is continually in session, 
has :formulated plans to intensify efforts to consolidate 
whatever gains have already been made, by way of improving 
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teaching techniques, organizing regional conferences of 
science teachers, insuring the continued publication of the 
science teachers' journal; encouraging interchange of visits 
and sharing of experiences; laying plans for a national 
exposition of projects realized by students of science in the 
nation's schools. 
T.he new plan, developed by the UNESCO Mission~ in 
collaboration with representatives of the Ministry of Public 
Education, is similar in scope to Pittman's overall reeom-
mendations.gj It calls for a division of the five year 
secondary school experience into. two phases or cycles; the 
first cycle, three years in length, a logical and natural 
extension of the primary school, and the second or senior 
cycle, also three·years in durationo The first or junior 
cycle, involving core program'activities, makes science study 
a requirement for all students during the first three years. 
Classes are to meet four times a week in the first two years, 
and three times a week the third year .. Y The second cycle, 
1/Publianed by the Ministerio de Educacion Publica, Informe 
sobre el Estado ••• op. cit. 
g/Pittmah, 'op. cit. 
~At the time of writing, a serious difference o~ opinion 
seems to have developed. The science member of the UNESCO 
Mission, supported by the Faculty of Education of the Uni-
versity of Costa Rica, is urging that the distribution of 
hours be changed from 4-4-3 per week to 5-4-4 (the same pro-
portion as that enjoyed by social studies ~nd mathematics). 
The other members of the mission are opposed to the amend-
ment. 
or senior division, offers two possibilities insofar as 
science education is concerned: 
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lo Biology and Ohemistry: fourth year, four times a 
week;ll fifth year, three times a week; and sixth year, twice 
a week. The same arrangement holds true for mathematics and 
physics. This is what is known as the "common plan," i .. e .. , 
all students participate therein without differentiation. 
It is the general education of the first cycle, but is not a 
duplication.. It is rather meant to be an intensification 
and broadening of the material studied .. 
2 .. This is the "variable plan, 11 which offers students 
the opportunity to choose electives in accordance with their 
abilities and interests, and is also conditioned by the 
facilities available at the particular school.. The course 
of study is organized into four categories: humanities, 
history, biology and chemistry, mathematics and physics. 
The proposed plan of studies under the "variable plan" calls 
for the following distribution of hours:gj 
1/In the second cycle, where biology is indicated as being 
offered four times a week in the fourth year, the following 
subjects will be included: zoology, botany, anatomy, 
physiology, hygiene, geology, and general biology_ The exact 
content and distribution of these subjects will be determined 
by committees of science teachers throughout the country. 
&/Ministerio de Eduaaeion PUblica, Informe sobre el 
Estado ••• op .. oit .. , p .. 37 .. 
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Table 5o Proposed Distribution of Hours under the 
Variable Plan 
4th Year 5th Year (1) (2) (3) 
Biology 
4 hours (Natural Sciences) 4 hours 
weekl;y weekl;y 
Chemistr;r 3 II 3 II 
Ph;tsics 3 n 3 II 
It should be poimted out that in the smaller 
6th Year (4) 
8 hours 
weekl;t 
4 11 
4 II 
schools of 
the country, ioeo, schools with limited enrollment, the 
reeommendation calls for two main divisions in the course of 
study: (1) History ot Literaturel and (2) Biological 
Seienees and Mathematicso 
GBAPTER IV 
TASKS FACING TEE SCIENCE TEACHER 
The utilization of the immediate environment for the 
teaehing of seience may well be begun on the elementary 
level. The rural community, especially, seems to offer more 
possibilities in this connection. Children, thus, do not 
have to wait until they get to the secondary school before 
they aequire an understanding and appreciation of plant and 
animal lifee 
For example, school gardens are in numerous oases begun 
in the very first year of primary sehoole Local vegetation 
is observed, insect control is discussed. A sound general 
science program on the elementary school level may well in-
clude the following topies: 
lo How plants get food 
2o Recognizing various plants 
3. Nutritive and commercial value of plants 
4. Plant life and change of seasons 
5. Structure of trees 
6. Value of forests 
?o Erosion control 
8o Conservation of plants and animals 
Units in general science for elementary school children 
should serve to stimulate intellectual curiosity which will 
-4?-
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later, at the secondary level, be further utilized and 
developed. Again, the point needs to be made: the pupil 
begins his seientifie explorations with his immediate world, 
the world which surrounds him~ For example, in the second 
grade, the teacher may well begin with THE EARTH: mountains, 
valleys, plains, fields, village, town, city. For those who 
live in the highlands, a discussion of the coastal region 
may have to wait until a more advanced grade is reached by 
the pupil. A project involving the school garden may well 
make use of the following questions:!~ 
What are seeds? 
How are they scattered? 
How are they planted? 
How do they grow? 
What do they need in order to grow? 
How does seasonal change effe·ct plant life? 
How does everything that grows affect us in our daily 
life? 
On the same level, a discussion of animal life would in-
volve the following items: 
Domestic animals: their life habits, their use and 
function. Wild animals: identification, mode of life, 
food habits, characteristics; how some of them help us; 
how some of them harm us. 
Similar patterns can be followed for; Fish, Insects, 
Birds. 
The unit approach to the teaching of sciences has its 
devoted followers who are busily engaged in wooing science 
teachers away from the older, more traditional type of 
i/Ministerio de Educaeion Publica, El Maestro Rural en la 
Comunidad, Guatemala, 1955, p. 135. 
.. 
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teaching~ The unit approach, begun at the primary level, 
should be extended to the secondary school in order to in-
sure the necessary continuity. Thus Oort~s writes: 
"A science program for the elementary school, as 
well as for the secondary, should include material 
taken from astronomy, geology, physics, meteorology, 
and in general, physical-chemical sciences as well as 
biological scieneeso 11Y 
In this connection, Cortes goes on to say, it should be 
remembered that unit themes should not be isolated and un-
related to one another. Nor should they be selected at ran-
dom without consideration being given to the interests of 
the students and the'characteristios of the environment~ It 
is similarly unrealistic to establish fixed and rigid norms 
or 11 units to be covered 11 in all schools, regardless of the 
charaoteristios of the local situation. Some soho.ols might 
begin with the study of waterj others, with a unit on coffee 
or cocoa; still others, the meat industry, etc. In short, 
it is the point of contact with the student, the opening 
wedge for other units to follow, that is important. It is 
the point of departure and the maintenance of the high inter-
est level of subsequent units which will determine whether 
the pupil stays in school or drops out. 
The latest report on the reform of secondary education, 
already referred to,gj also stresses the importance of the 
i/Rafael Cortes Oho, La Ensenanza de las Ciencias, Uni-
versidad de Costa Rica, (no date), pp. 29-30. 
g/Ministerio de Eduo~oion PUblica, Informe sobre el 
Estado ••• op. cit. 
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unit method of teaching and learning. The organization of 
subject matter in terms of work units allows for the uti-
lization of various teaching procedures, such as, e.g., 
reading approach, demonstration techniques, directed study, 
project method, etc. Nevertheless, the above-mentioned re-
port, specifically the section devoted to the seiences, 
emphasizes the "problem11 approaeh as a signifioant technique 
for developing the art of critieal thinking. The different 
stages whioh eomprise this approach may be listed as 
follows:.!! 
1. The existence of a problematic situation must be 
recognized .. 
2 .. The problem must be delineated. 
3. Hypotheses are formulated. 
4. Data must be assembled. 
6. The hypothesis must be examined. 
6. The solution is advaneed and verified .. 
Since a sense of oonstruotive oritioism is to be de-
veloped in the student, it is e~eoted that the class will 
partieipate actively in eaeh of the steps outlined above. 
The ehie:f' by-product, of course, and perhaps even more 
important than the solution to a partioular problem is the 
evaluation by both class and teacher of the abilities and 
interests whioh have been stimulated and oultivated in the 
course of the semester. 
1/0p. oit., pp. 698-601 .. 
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In the process of going from one stage to another, the 
teacher will have to proceed with caution as he guides the 
class, because of the wide variation in student abilitye 
The students can have different phases of the problem as-
signed to them in aceordance with their level of ability and 
experiential background~ Class activities will involve ex-
perimentation, demonstration, visits, trips, the use of films, 
reports, working with reference sources and materials, etc .. 
As stated earlier,!! groups of teachers are at present 
working intensively to improve the course of study offered 
at the first year levelo They are supplementing the ma-
terials available with additional units of study designed to 
enrich the course offerings in line with the age group, 
interest level and background factor of the student popu-
lation.. The workshop technique is being applied principally 
to materials in first year zoology, physics and chemistry .. 
In certain schools, efforts have already been mad.e to improve 
the program at the second and third year levels.. It is hoped 
that these efforts at methodological improvement will gradu-
ally affect the upper levels of secondary education as wello 
The Science Department at the Licea Vargas Calvo is 
doing pioneer work in this connectiono Science is being 
taught according to the unit plan in nine different class 
sections, involving 360 students, and supervised by five 
j]See CHAPTER III .. 
Boston University 
School of Education 
LibrarY. 
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teaQhers. Some of the sample units which have been prepared 
and are now being used will be included in this paper for 
the purpose of illustrating the newer tendencies. 
An especially important by-product of an efficient 
teaching-learning situation in the seienee class is the con-
servation and intelligent utilization of natural resources. 
This is of particular interest to Costa Rica where the future 
of agriculture and cattle-raising shows great promise~ 
third of Costa Rica 1 s territory is dotted with farms. 
One-
Almost 
two-thirds are practically virgin~ In order to raise the 
living standard of ~he country, the most efficient methods 
of cultivating natural resources should be studied. Costa 
Rica•s adolescents have to be imbued with a love of their 
soil and with the importance of careful and rational exploi-
tation of its products. Students must learn about soil con-
servation, how to use fertilizers, and carry on reforest-
ation. 
In this connection, it is of the utmost importance for 
science teachers to work closely with the Ministry of Agri-
culture and other governmental agencies entrusted with the 
nation's economy. The secondary school thus becomes an inte-
gral part of the community wherein it finds itself. This is 
especially so in view of the fact that the Costa Rican 
government has now assumed certain obligations which formerly 
were the responsibility of individuals, welfare groups or 
53 
private agencies. These responsibilities involve such areas 
as public health and social service, and offer a fruitful 
opportunity for scienee teaching by way of introducing the 
youth of the country to some of the problems which have to 
be faeed continually~ 
In the course of solving these problems, the student 
will learn how to use a functional scientific vocabulary, one 
born of the observation of natural phenomena and.proeesses. 
This will, it is hoped, replace the heavy emphasis on verbal-
ism, the result of the teacher's dictation of long lists of 
words and phrases, a practice still indulged in at present 
to a considerable degreeo 
Furthermore, the seienoe teacher has to acquaint the 
·student with the intelligent use of scientific instruments. 
Some may still think that in order to do so successfully, a 
well equipped laboratory is indispensable~ This viewpoint 
is only partially oorreet9 The extensive laboratory, offered 
by the eountry 1s natural environment$ the numerous bulletins, 
pamphlets, newspaper articles, containing instructions to 
teachers on how to make simple instruments, how to assemble 
materials, how to perform experiments with what is avail-
able - all of these will serve to enlarge the horizon of the 
teachers and further the growth of the student's ability to 
conduct scientific experiments and develop scientific atti-
tudeso 
However, the establishment of high school laboratories, 
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no matter how minimum and modest, is indispensable, es-
pecially in the senior cycle of secondary education, where 
general biology, geology, physics, chemistry, eteo, are 
·studied intensively$ This should be an absolute requisite 
for matriculation in the University, or for futu~e vocational 
choices .. 
Another objective which should be consciously borne in 
mind by the science teacher is the contribution he can make 
to the preservation of health.. In the rural areas especial-
ly, student teachers learn how to instruct children in good 
health habits, how to give first-aid and teach it, and even 
how to make simple medicines. Of particular interest to 
science teachers are the bulletins issued by the Ministry of 
Education. These stress continually the need for main-
taining the health of the community on a much higher level 
than is the ease at presento Propaganda pamphlets, bro-
chures, teachers' instructional guides, students' learning 
materials, constantly feature such questions as: 
"Do You. Know That; 
1 .. On the average, people south of the Rio Grande die 
at the age of 40? 
2o The average infantile mortality south of the Rio 
Grande varies from approximately lOO.to 260 per 
thousand? In other words, 200 out of every 1000 
children die before the age of two! 
3o More than half of the population of Central and 
South America suffers from some contageous disease 
or from some abnormalityo 
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4. Between 80 and 90% of the population of Central and 
South Ameriea have ankY.lostomiasis or some other 
intestinal parasite.~'17 . 
Knowledge of some physiological or hygienic principles 
is not in and of itself a guarantee that these principles 
will be applied intelligently~ However, if these principles 
have been arrived at jointly by the teacher and the class, 
because they are considered important for everyone's well-
being, then an awareness _of these facts may well modify in 
the desired direction the attitudes and behavior of the stu-
dentsq For this reason it is necessary to have the closest 
working relationship between the Seienee Department on the 
one hand and the Physical Education and Rome Eeonomic Depart-
ments on the other. Only through such correlation can a 
sense of responsibility be maintained and a realization ef-
fected as to the close relationship that exists between mental 
and physical health, between individual and social hygiene. 
For this reason, too, the science teacher is urged to eo-
operate closely with the Department of Social Studieso Both 
departments have to help.the student develop a rational and 
coherent view of the universe, a wholesome approach toward 
himself and his group. 
Insofar as possible, the subject matter in the sciences 
will be taught during the first three-year eyele in accordance 
with the following orientation: 
1/Ministerio de Eduoaeion Ptlblioat El Maestro Rural ••• .2£o 
~-' pp. 21-22. 
. 56 
First Year: The National Community (Costa Rica). 
Second Year: The American Community (North America 
and South Ameriea). 
Third Year: The World Community. 
This plan, akin to a pattern of concentric circles, is 
in line with the general policy laid down by the Planning 
Commission of the Ministry of Education. Consequently, the 
other subjects of the secondary sehool curriculum will ad-
here, wherever possible, to the same general approach~ 
Evaluation of student achievement in science learning 
will also have to be brought up to date in Costa Rioa 1 s 
seeond?-rY schools.. Many teehniques, already in use in our 
eountry for some time, have yet to be perfected in many parts 
of Latin America.. These involve: 
1. The ~se of various. new-type testing procedures. 
2. The analysis of graphs and charts .. 
3. The ability to conduct experiments and interpret 
their results .. 
4. T.he ability to apply scientific principles to concrete 
eases .. 
In jQdging student progress and development, additional 
evaluation techniques have yet to be introduced in Costa 
Riea, such as, ec.g., personality questionnaires, case studies, 
observation of pupil behavior, etc. 
As concerns the evaluation of learning activity, the 
objective type testing technique may well be begun at.the 
elementary school level. The pupil will in this way be made 
familiar with the various evaluating procedures which he 
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will eventually encounter upon entering the secondary school~ 
For example, the ~ourth grade pupil should know how to handle 
completion type exercise:11 
1 .. The green eolor o~ plants is due to the ~act ·that they 
contain .. 
2 .. An animal that has red blood is-----· 
3 .. Animals that do not have a skeleton are called -------" 
4 .. Air is useful to li~e beeause it contains ---------
5o Water is composed of hydrogen and --------" 
The multiple choice type o~ test can be made to appeal to 
the third-grade pupil:gj 
1. Cotton is a plant used for (medicine) (food) (textile) .. 
2. Ham is a product of the (pig) (cow) (goat). 
3 .. Which of these are mammals? (reptiles) (insects) (birds) (ruminators). 
4. The following is not· used for human consumption: 
(grass) (eorn)-riugar cane) (bean) 
The following matching exercise has been prepared ~or 
use in the ~ourth grade:~ 
Example: 
1. Animal that produces eggs .. 
2. We get milk from this one. 
(2) cow 
(4) pig 
l/The sample questions of~ered here are translations o~ 
testing materials, prepared in teacher workshops. See in 
this connection: Revista del Institute Naoional de Pedagogia, 
Mexieo, Abril-Julio de 1956, pp. 29-30~ 
g/Revista del Institute Nacional .... op .. cit., p. 35. 
~Op. cit., p. 38. 
3. This one gives us wool. 
4. Its meat is made into ham. 
Ao lo Carries food to all parts 
of the body .. 
2. Is active in the formation 
of chyme .. 
3 .. Product secreted by the 
liver .. 
4 .. MilkY liquid formed in 
small intestine. 
B .. 1.. Very thin vessels .. 
2 .. Pick up nutritive substances 
in intestine 
3 .. Carry blood rich in oxygen. 
4. Carry impure blood. 
(1) hen 
(3) sheep 
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( ) gastric juice 
( ) chyle 
( ) blood 
( ) bile 
{ ) arteries 
( ) chyliferous 
( ) capillaries 
{ veins 
Similar testing techniques can be utilized in the evalu-
ation of student achievement in secondary school science .. 
This is precisely what Costa Rican teachers are engaged in 
constructing at present under the guidance of the UNESCO 
Mission and the Ministry of Public Education .. 
-------------- --
CHAPTER V 
THE NEW ORIENTATION: A SAMPLE UNIT 
In previous sections of this paper1/ mention was made 
of the fact that working committees of teachers have already 
begun to construct general units of work, especially for 
that first cycle of the secondary sehool which is envisaged 
under the reform. In many instances the units have the 
commendable quality of dealing exclusively - at least in the 
initial phase - with the flora and fauna of the country, 
which is as it should be. In this section of the paper, a 
sample unit will be presented, a unit which illustrates the 
desirability of teaching scientific concepts, while making 
use of the student's experiences in terms of the native 
setting. The work unit, as will be noted, is on the one 
hand a form of organization of materials and activities, and 
on the other hand, a method which permits the teacher to 
stimulate and guide the students along lines designed to 
bring about desirable ehanges in accord with the aims of 
education .. 
Before presenting this unit in detail, it would perhaps 
be advisable to indicate some of the main themes which have 
been planned tentatively for Costa Rica's science classes 
!/CHAPTERS III and IV .. 
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under the proposed educational re:f'ormoll It would be inter-
esting to compare the difficulty and sequence o:f' these units 
with the course of study followed in an average high school 
o:f' the United. States$ It is also important to take note o:f' 
the shift in emphasis, as this concerns the presentation of 
subject matter, especially when one compares the new approach 
with, eog., the course of study in chemistry referred to and 
reproduced on pages 34-35.. The treatment o:f' materials, while 
bearing in mind areas o:f' students' interests and national 
requirements, represents a welcome change in orientation$ 
The excerpts herein presented are taken from the course o:f' 
- . 
study, intended tor the "Common P,lan."Y 
First Unit: Water 
lo Distribution over the earth's surface 
2.. Physical and chemical properties 
3 .. Water eyele 
1/Ministerio de Educaei6n PUblica, In:f'orme sobre el Estado •.• 
op .. cit .. 
g/The reader is reminded here of the definitions involved. 
By "Common Plan" is meant the eourse of study to be taken by 
all students, regardless o:f' :f'uture vocational choice.. It is 
also assumed that the Common Plan will not be able to be ef-
fected properly in all schools, because o:f' an evident 
shortage of materials, a lack o:f' .course offerings, or an 
emphasis in certain directions only.. In these schools, the 
so-called "Variable Plan11 will be followed.. The latter al-
lows for differentiation in accordance with: (1) the stu-
dent's interests and abilities; (2) the resources available 
at the particular school.. -
~Ministerio de Educacion Publica, Informe sobre el Estado ••• 
op. cito, ppQ 604-607. 
4. Life in water 
algae, fish, amphibians 
5 .. Diseases transmitted by water 
6. Water and the community 
Second Unit: The Earth 
1. Composition of the earth's surface 
2 .. Properties and structure 
3 .. Geological faults 
4.. Life on dry land 
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reptiles, mammals, trees, shrubbery, grass . 
5. Plants 
Third Unit : Air 
1 .. Distribution of air 
2. Physical-chemical properties 
3. Life in the air . 
birds, anthropods 
4. Diseases transmitted via air 
5. Air and plants 
6. Groups of living organisms 
in the air, on land, in water 
SECOND YEAR 
First Unit: Structure of Living Beings 
1. Structure of the human body 
2 .. Organization of Meso~America 
crustaceans, insects 
3o Multi-cellular organization of two and three 
layers 
FOURTH YEAR 
First Unit; Development of the Individual 
1 .. ·Cellular reproduetion 
2.. Plant and animal reproduetion 
3. Reproduction in_man 
4 .. Embryonic and fetal development 
Second Unit: Natrition and Growth 
L. Necessity for n:atrition 
2. Dependence of animal life upon plant life 
3. Transformation of foodstuffs in plants and 
animals 
4. Distribution of bodily substances 
5 .. Feeding ratio 
Third Unit: Elimination of Waste Matter 
1. Emunctory system 
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respiration, skin, kidneys, large intestine 
2 .. Continuity of metabolic process in plants and 
animals 
3.. Constancy of internal medium 
4.. Cycles of bio-genetic elements 
FIFTH YEAR 
First Unit: Reactions to the Environment 
1 .. Reflexes 
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2~ Elaboration of nervous stimuli 
3. Receptors and ~eaetors 
Second Unit: Ohemical Oontrols 
lo Endoerine glands and hormones 
2~ Hormones in relation to metabolism, growth and 
life cycle 
3. Organic chemical substances 
enzymes and hormones 
Third Unit; Protective mechanisms 
lo Adaptation to thermal changes 
2. Protection against infectious agents 
3~ Pathogenic agents 
4. Immunity. Phagocytosis 
5~ Anti-biotics and bacteriostasis 
SIXTH YEAR 
First Unitt Preservation of Traits 
lo The hereditary mechanism 
2o Physical~chemical structure of cells 
3o Chromosome explanation of heredity 
4. Genes and Factors which determine sex 
Second Unit: The Conquests of Science 
1. Genetics in plants and animals 
2. Eugenics 
3. Chemistry and the protective mechanisms of the 
individual 
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Third Unit: The Environment and the Evolution of the 
Species 
1 .. Levels of organization 
2 .. Categories 
3. Evolution of the species 
Detailed Breakdown of a Sample Unit: WATER AND LIFE 
(First Year)Y 
Ob.1ectives: 
1. To understand and appreciate the ways in which man 
controls and utilizes his environment. 
2. To understand the importance of water in the life 
of plants, animals, and in the human body. 
3. To understand the nature and action of meteorological· 
phenomena related to water. 
4 .. To appreciate the role which water plays in the 
community and in our daily activities .. 
5 .. To become acquainted with some of the processes 
used to purify water. 
6. To learn about the adaptations made by some families 
of animals and plants to their water environment. 
7. To appreciate the economic value of some fish, 
amphibians, algae .. 
8 .. To learn the terms, master the abilities, and develop 
the attitudes and appreciations, indicated below .. 
Only those which are germane to the material at 
hand will be emphasized here • 
Rules and Generalizations: 
1. Water is indispensable to all living matter. 
1/Ministerio de Educacion :Publica, Informe sobre el Estado ..... 
op. cit., pp. 611-636 .. 
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2. Water in its three physical states (solid, liquid, 
gas) is found in abundance in nature. 
3. Water exercises a dissolving powero 
4o Drinking water possesses certain characteristics. 
5o Water oan be a carrier of germs which are detrimental 
to our health. 
69 Water is a combination of hydrogen and oxygen .. 
7 .. Fish, amphibians and algae are live organisms, very 
well adapted to aquatie lite. 
So Fian, amphibians and algae have great importance for 
man .. 
9. It is necessary to proteet and utilize carefully some 
groups of flora and fauna of Costa Rica, which belong 
to the families of fish and amphibians. 
List of Concepts to be Mastered: 
Perspiration, temperature, iee, snow, cloud, cumulus, 
evaporation, condensation, solidification, dissolution, 
chemical substances, potable'water, distillation, 
sedimentation, filter, chemistry, zoology, botany, 
protozoa, germ, fish, amphibian, algae, lungs, respi-
ration, fin, swimming bladder, metamorphosis, germi-
nation. 
List of skills and abilities to be developed: 
lo To make simple graphs and chartso 
2. To describe phenomena related to water and living 
beings., 
3. To be able to measure, making use of the thermometer, 
scales, calibrated pipettes, barometero 
4. To plan or perform experiments, and analyze the re-
sults of experimentation, relative to the unit •... 
5. To work in groups. 
6. To edit and evaluate reports made by individuals and 
by groups of individuals. 
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7. To keep a neat notebook .. 
8. To construct in plastic, clay or other media, the 
objects indicated in the student's guide book (e.g~, 
a fish, the process of metamorphosis, etc .. ). 
List of attitudes and appreciations to be cultivated: 
1 .. Man's control and utilization of water. 
2. Value of water for human life, as well as for other 
living beings .. 
3. Action of water over the earth's surface. 
4. Role of water in germination. 
5.. Importance of water as a means of transportation and 
communication... · 
6. Value of the class's efforts to improve sanitary 
conditions of water in the community .. 
7 .. Pride in the aquatic creatures of Costa Rica, as well 
as appreciation for those of foreign origin. 
It is taken for granted that the teacher will make use 
of one or more of the various suggestions which are listed 
in the unit in order to stimulate interest in its content 
and purposes.. This paper will, therefore, not concern itself 
with the several motivating techniques which are enumerated 
in the original plan {e .. g .. , film, commentary, preliminary 
experimentation to arouse interest, ete .. ). 
Among the exploratory activities outlined in the unit, 
the following are suggested: 
A .. Class d·iscussion relative to the importance of 
water in the life of man, animals and plants. 
1.. Students bring to class newspaper clippings, 
folders, brochures, ete .. , relating to the 
theme .. 
2 .. O~ass trips and committee interviews are 
p~anned and reported on subsequent~y~ 
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3. List the chief characteristics of sources 
which provide water. 
4a List the different drinks as well as foods, 
containing water, which are used in the 
community a 
5 .. Students construct charts and graphs, 
showing the percentage of water content in 
the different foods. 
6 .. Report on the role which water plays in the 
functioning of the human organism, e .. g .. , 
regulating temperature, perspiration, 
digestion and eliminationo 
?a Perform a simple experiment in connection 
with No .. 6, above, e.g .. : 
Aim: To perceive the volume of water 
vapor given off by the skin.. · 
Proeedure: Insert your hand in a wide-
mouthed jar.. Cover opening of jar 
with cel~ophane .. 
Result: In a few minutes,·the inside of 
the jar will cloud up, due to the 
presence of vapor, caused by 
perspiration .. 
B. Water, in its three physical states, is to be 
found everywhere in abundance. 
1. Determine with the aid of a map or globe 
the approximate proportion of water on the 
earth 1 s surf ace. 
2. Determine the boiling point of watero Ex-
plain the characteristics of the. thermo-
meter. 
3. Establish via experimentation the relation-
ship between evaporation and temperature. 
4. Demonstrate condensation of vapor and dis-
cuss formation of dew, fog, clouds and 
rainfall ratio. 
r 
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5 .. Demonstrate plant transpiration (per~iration) 
and explain its influence on rainfall.. E.g., 
perform the following experiment: 
Aim: To show that leaves give off vapor .. 
Procedure: Cover the earth of two or three 
flower pots with heavy cardboard, 
wrapped in cellophane. Cover the plants 
with clean glasses and place them in a 
sunny room .. 
Result: The walls of the glasses will become 
covered with vapor .. 
6. Demonstrate the freezing of water and explain 
the increase of volume in the process of solidi-
fication. E.g .. : 
Place a bottle filled with water in the freezer 
of a refrigera.tor.. The bottle is sealed 
hermetieally .. 
Result: If the cover on the bottle is well 
secured, the bottle will break .. 
C .. Water is a solvent. 
1 .. Demonstrate the dissolvent quality of water, 
using the following materials: sugar, salt, 
plaster, potassium permanganate, eopper1 sulfate, 
sulphur, chalk, etc .. 
2. Boil some of the solutions referred to in No .. 1, 
above, until you are able to observe the residue. 
3 .. Discuss applications of the dissolving quality 
of water with respect to plants and animals .. 
Pupils illustrate in their notebooks. 
D. Drinking water possesses certain characteristics: 
1. Diseuse with the class the qualities to be found 
in potable water. 
2. Consider the sourees of potable water (wells, 
lakes, mountain springs, rivers, ete .. ). 
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3o In this connection, try to initiate, in col-
laboration with other members of the faculty, a 
project to improve whatever deficiencies there 
may exist in the eommunityo 
4 .. Discuss the problem of purifying water .. 
Be Demonstrate, insofar as possible, the various 
processes engaged in during the process of water 
purification (coagulation, filtration, boiling, 
chemical action of chlorine, iodine, bromine, 
potassium permanganate)~ If a microscope is 
available in the school, observe a drop of stag-
nant water. Note the result of the action of a 
drop of iodine on the objects observed. It is 
also possible for larvae of insects, paramecia, 
etc., to be visible to the naked eye. 
6. Discuss with the class the course taken by water, 
beginning with its original source, up to the 
time it reaches your homeo 
Ee Water is a combination of hydrogen and oxygeno 
le Demonstrate the composition of water via electroly-
sis or the collection of water that results as a 
product of the combustion of the hydrogen. 
F .. Water is used by man in various ways .. 
1 .. . Class discussion on "The Conquest of Water by 
Man.u (drink, irrigation, hydraulic power, sani-
tation, etee)o 
2 .. Follow-up activity: newspaper articles, model 
reproduction, visit to a dam, soda factory, 
etce)o 
Another series of problems related to this unit consists 
of the relationship which water bears to living organisms .. 
In this connection, the most obvious point of departure in-
volves the life of fish and amphibians. The unit under 
consideration provides for opportunities to study the 
characteristics of aquatic creatures. Anatomical structure 
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is dealt with only as this bears upon the problem of adap-
tation to existence in water. Among the suggestions as to 
procedure, the following may be listed: 
A. Fish 
1~ Respiration of fish. (Introduce some dye 
into a transparent fish; then observe the 
path which the dye takes, as the fish 
swims about.) 
2 .. Explain structure and function of the gills, 
position and characteristics of the eyes, 
scale formation, type of fins, etc.) 
3. Observe speed and mobility of fish, neces-
sary to secure food and elude enemies. 
4. Fish as food for man; fish peculiar to 
Costa Rica. 
B. The same approach is used with reference to 
amphibians. 
1. Students bring to class specimens of 
amphibians. 
2. Observation of tadpoles; discussion of 
adaptations made to satisfy their needs. 
3. Observation of structural characteristics 
and bodily movements. 
4. Some amphibians are utilized as food for 
man; others are useful because they feed on 
harmful insects. · 
It will be seen from the aboYe outline that as the unit 
WATER AND LIFE is developed, the following fields will have 
been touched upon: {l) chemistry; {2) physics; {3) animal 
life; (4) plant life; (5) hygiene; and (6) eeonomio import-
anee .. 
The Reform also carries over into methods of evaluation 
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of work done~ Attention is being focused more intensively 
upon the use of so-called new-type tests, without at the 
same time abandoning the older, traditional forms of testing~ 
A few samples, in connection with the unit on WATER AND LIFE 
are offered for purposes of illustration: 
I. A boy notices that the fishes contained in his fish-
bowl are sick and that some of them have died. He 
decides to separate the fish by placing them in 
individual jars. He also changes the water daily. 
He then discovers that the fish improve considerably, 
and that there are no further deaths. 
A. Summarize briefly the problem illustrated by the 
situation described above. 
B. In the five hypotheses advanced below, indicate 
the one which seems to you to be the best possi-
ble solution to the problem, summarized by you 
in (A) above. 
1. There are probably no plants in the fishbowl. 
2 •. It is possible that the water is hot. 
3. Perhaps the water contains dissolved salt. 
4. The water probably has to be changed 
constantly .. 
6. I think the fish caught some disease. 
c. Indicate the two best reasons which would explain 
adequately the solution to the problem, as formu-
lated by you in (A), above. 
1 .. All plants breathe .. 
2. All plants give off oxygen in photosynthesis. 
3. Drinking water contains dissolved salts. 
4. Drinking water contains dissolved air. 
6. The fish breathe through their gills. 
6. Water contains bacteria in suspension. 
D. In Group A, below, there are ten scientific princi-
ples which you have learned in the course of this 
unit. In Group B, below, there are ten obser-
vations or situations which can be explained by 
the principles listed in Group A. Match the items 
in both groups. 
Group A: 
le Air is indispensable to life. 
2. Water is indispensable to life. 
3. Water is a combination of hydrogen and · 
oxygen which has a dissolving quality. 
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4. Water can change from a liquid to a gaseous 
or solid state, and vice versa. 
6. There are groups of animals especially 
adapted to aquatic life. 
6. As the atmospheric pressure is reduced, the 
boiling point of water goes down. 
7. Water, on freezing, increases in volume. 
8. Fish breathe through gills. 
9. Plant transpiration influences rainfall. 
10. Drinking water contains mineral salts in 
suspension. 
Group B: 
1. If we place a bottle of milk, sealed hermeti-
cally, in a refrigerator, it is possible that 
the bottle will breake 
2. It is difficult to cook food well if we 
operate at a high altitude, e.g4, in the 
mountains .. 
3 .. Frogs deposit their eggs in water. 
4. The pink color of the mouth is proof that the 
fish is in good health. 
6. A small toad cannot remain submerged in water 
very long. . 
6. The begonia plant fades and dies if it is not 
watered. 
7. The blood circulates and carries the nutri-
tive elements to the whole body of the fisho 
8. Coffee pots which are not cleaned regularly 
are likely to be lined with crust on the 
bottom .. 
9. ·The Atlantic zone of Costa Rica is more rainy 
than the Pacific side. 
10. The dew of the leaves on the plants near the 
Irazu Volcano turns to frost at dawn. 
All units are accompanied by source materials which the 
science teacher may consult. For example, in the unit just 
described, the different types of fish, found on the central 
plateau of Costa Rica, are given together with their traits, 
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habits, and peculiarities. Reference is also made to the 
different insects and parasites, peculiar to each region, 
and well-known to the class, by way of illustrating the 
course material. Finally, eaoh unit contains samples of 
various types of evaluation procedures which the teacher may 
utilize, as well as suggestions for laboratory materials and 
equipment to be used in class. 
CHAPTER VI 
CONCLUSION 
The teaching of science is a problem which is of con-
cern, not only to Costa Rica, but also to the rest of Latin 
America~ One of the most recent conferences at which this · 
subject was dealt with was held in Washington, D~C., June 
17-20, 1958, at the instigation of the Secretary General of 
the Organization of American States. Members of the confer-
ence, including 16 top-level scientists from Latin America, 
discussed the role which the Organization of American States 
( O.A. s .. ) can play in the development of mathematics a.nd the 
physical and natural soiences .. ll The final report contains 
recommendations on a general program of science development 
in the Western Hemisphere, followed by specific recommend-
ations for a program of immediate action by the OAS. Besides 
calling for the establishment of a science division in the 
Pan American Union, the recommendations include the promotion 
of science education, the strengthening of scientific insti-
tutions, the exchange of personnel, and the distribution of 
scientific information and science publications. 
Since reference has been made to international organi-
zations, it would also be well to mention in connection with 
i/Organization of American States, Annual Report of the 
Secretary General to the Council of the Organization, 1957-
1958, Washington, D.C., p. 77. 
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the post-primary stage of education in Costa Rica the work 
done by the International Cooperation Administration, or 
Point Four Program, the more frequently used designationo 
Point Four, a unit of the u.s. Department of State, ad-
ministers programs of technical assistance to nations which 
request this aido It has been collaborating aetively with 
the Ministry of Public Education, by offering technical as-
sistance in vocational education.. North American specialists 
visit Costa Rica, and in turn, Costa Rican teachers are sent 
to the United States to st~dy programs of teacher training on 
both the elementary and secondary school levels, and to 
familiarize themselves with the current trends and tendencies 
in curriculum practice and methodology. In many instances, 
Point Four also provides equipment, textbooks and other 
teaching aids for classrooms which are especially set up as 
models for others to follow.. In the vocational education 
program (five years in duration) which is at present being 
organized with Point Four assistance, general science is of-
fered four times a week in the first year, twice a week in 
the second, and four times a week in the fourtho 
What are the conclusions that one arrives at, what are 
some of the predictions for success which one ventures to 
make at this point? 
T.here is no doubt that the success of the science program, 
as the Reform envisages it, is intimately tied up with the 
economic well-being of the country. If, for instance, 
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foreign capital continues to be invested in Oosta Rica, and 
a reasonable dividend turned over to the government, there 
is strong evidenee that the nation's economy will be 
strengthened~ This; in turn, will stimulate and foster cul-
tural and educational improvement. In addition, qualified 
Oosta Ricans must continue to go abroad (subsidized by special 
funds set aside for that purpose) and visit educational 
institutions for the purpose of bringing back with them new 
ideas, so necessary for cultural cross-fertilization. 
Another point bears mentioning. It is sometimes very 
easy for friction to develop between.one educational agency 
and another. Personality differences, vested interests, 
feelings of psychological insecurity - all play their part in 
preventing the successful realization of a program in which 
everybody is interested. This sort of situation is aggravated 
especially when some of the agencies or consultants happen to 
be foreigners. The diplomatic nature of the assignment in-
sofar as this latter group is concerned, cannot be over-
emphasized. 
In spite of all the possible pitfalls, one is safe in 
saying that progress is being made. True, there are obsta-
cles; at times the wheels seem to grind to a dead halt. How-
ever, it is the perspective that counts. It is this per-
spective which points up the tendencies and the general 
direction of the movement, that is encouraging. More and 
more science teachers are being imbued with the spirit of 
secondary school reform. Although the powerful factors of 
traditionalism and inertia are yet to be overcome, there is 
growing evidence that teaehers are shifting to that view-
point in the teaching-learning situation which stresses out-
comes in terms of pupil development, rather than data to be 
absorbed. These expected outcomes, of which one hears a 
great deal nowadays in Costa Rica, and which are linked 
intimately with the objectives of science teaching, may be 
listed as follows:11 
lo The formation of attitudes and appreciation for 
what science has contributed, and can still contri-
bute to the progress of humanity. 
2. The stimulation of scientific curiosity which leads 
to both individual and group investigation with a 
view to improving the well-being of the community. 
3. The formation of attitudes and the development of 
skills which could be utilized to preserve, improve 
and prorit from natural resources. 
4~ The development of one's skill in using scientific 
instruments and knowing how to interpret results. 
5. The development of the ability to classify beings, 
objects, and phenomena. 
6. The formation of habits of investigating and experi-
menting during one's leisure time. 
7. The increase of knowledge relative to the maintenance 
of individual and community health. 
8. The gathering of information concerning scientific 
advance, not only nationally, but also inter-
nationally. 
The development of the habit of reflective thought,· a 
l/Ministerio de Educaci6n Publica, Informe sobre el Estado~·· 
op. cito, pp. 585-586. 
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principal objective, as well as a hoped-for outcome of science 
study, encompasses the following subsidiary abilities to be 
cultivated:Y 
1. The ability to discover and define problematical 
situations. 
2. The ability to locate the data necessary for the 
solution of a problem. · 
3. The ability to analyze and classify the data found. 
4 .. The ability to formulate an hypothesis in order to 
offer a tentative·explanation of a problem. 
5. T.he ability to test the hypothesis by means of ex-
perimentation .. 
6. The ability to determine results in accordance with 
the facts. 
The science teacher, by offering a rich variety of 
scientific experiences, can see to it that the secondary 
school student will, as a result: 
1. Want to know the 11 what, 11 the 11 why," and the 11 how11 of 
natural phenomena. 
2 .. Not be satisfied with vague answers to his questions. 
3. Avoid being rash in his opinions. 
4. Revise his beliefs in the light of new experiences. 
5. Discard superstitious beliefs and practices. 
6. Be tolerant of new suggestions. 
7. Respect the opinion and judgment of experts. 
8. Base his own opinions and conclusions on adequate 
proof .. 
9. Know how to evaluate techniques and procedures 
employed in discussion. 
1/0p. cit., p. 58?. 
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10. Always·be alert and ourious.ll 
Costa Rica is, at present, like our own country, con-
scious of its educational shortcomings. It has been said in 
jest that its educational disorganization is beautifully 
organized. Yet Costa Rica has an opportunity to show its 
neighbors what can be done to raise educational standards in 
general, and to improve the quality of science teaching in 
particular. The rest of 'the hemisphere will be watching with 
interest. 
jjOp.. cit. , p. 589. 
APPENDIX I 
COURSE OF STUDY FOR SECONDARY SCHOOLS 
OF COSTA RICAV 
Languages 
Spanish 
French 
English 
Sciences 
agriculture 
anatomy 
anthropology 
biology 
botany 
astronomy 
physics 
geology 
chemistry 
zoology 
Social Studies 
civics 
geography 
history 
psychology 
religion 
Mathematics 
arithmetic 
algebra 
geometry 
trigonometry 
Arts and Crafts 
home economies 
embroidery 
cooking 
sewing 
drawing 
music 
physical education 
typewriting 
shopwork 
1/Pittman, opo eit., pp9 13-14 .. 
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